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1 Introduction

After discussion in previous 3GPP RAN1 meetings, the CS mapping for all DM RS configurations has been determined. The remaining issues for DM RS design include OCC mapping for initial transmission and OCC/CS mapping for non-adaptive retransmission. This contribution provides a detailed analysis into these issues. Proposals are made for completing the specification of UL DM RS in Rel-10.
2 OCC/CS configuration for initial transmission and for retransmission triggered by an UL grant
In 3GPP RAN1#62, the following agreement was achieved for OCC mapping:

· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO

· For 4 of the CSI values: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3

· FFS the OCC mapping for the other 4 CSI values, one example of the mapping 

· For the second 2 CSI values: nOCC,k= nOCC,0 for k=1,2,3
· For the third 2 CSI values: nOCC,k = 1-nOCC,0, for k=1,3 and nOCC,k=nOCC,0 for k=2

Analysis for mapping the same OCC to all layers (nOCC,k= nOCC,0 for k=1,2,3)
It has been mentioned in [1] that the main benefit of OCC on UL DM RS is the support of MU-MIMO with unequal bandwidth allocation. For instance, when the same OCC is applied for all layers in some DM RS configurations, the eNB can configure one UE with 3/4 layers, and pair it with another UE with unequal bandwidth [2]. In [3], the necessity to support pairing 3-layer UE and 1-layer UE with unequal bandwidth allocation was also addressed. Such functional support enables a LTE-A system to have high flexibility and to satisfy the requirements of some specific scenarios (e.g. hot-spot areas with a lot of UEs with low speed), and to fully exploits the presence of a large number of available receive antennas at the eNB.
Analysis for alternating OCC for k-th and (k+1)-th layers (nOCC,k = 1-nOCC,0, for k=1,3 and nOCC,k=nOCC,0 for k=2)
A lot of general results have been provided in [4,5,6,7] including MSE, BLER and throughput performance, and it was shown that the gain with the alternating OCC mapping scheme is negligible especially when the CS separation between layers is as large as 6. Even though some gain has been shown for some specific setting when SIC is implemented at the receiver [8], this conclusion was not verified in [9], where a Turbo-SIC receiver was adopted. Hence the performance benefit of alternating OCC for the k-th and (k+1)-th layers highly depends on the type of receiver, and the benefit is negligible with MMSE receiver (default receiver from RAN4). On the other hand, this scheme does not support MU-MIMO with unequal bandwidth allocation when a UE is configured with over one layer transmission since both OCCs are occupied by a single UE. 
While both OCC mapping schemes could be supported in the DM RS configuration table, this would, however, bring restrictions to the PHICH resource allocation if the eNB has to schedule UEs within one of the sets of OCC/CS. Thus we would prefer to define only one among the second and third sets of CSI values, with our preference going towards the second set, since both sets provide sufficiently good orthogonality among the layers and the second set additionally allows pairing UEs with multiple layers with unequal bandwidth.
Based on the analysis above, it is proposed that
· Only two kinds of OCC mapping schemes are supported:

· For 4 of the CSI values: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3

· For the other 4 CSI values: nOCC,k= nOCC,0 for k=1,2,3
The proposed OCC/CS mapping table is given in Table 1. Its application for usual MU-MIMO scenarios can be found in the Appendix. This mapping is used for initial transmissions and for retransmissions triggered by an UL grant.
Table 1 Proposed OCC/CS mapping for DM RS configuration
	Cyclic Shift Field in Uplink-related DCI format 
	CS
	OCC

	
	Layer0
	Layer1
	Layer2
	Layer3
	Layer0
	Layer1
	Layer2
	Layer3

	000
	0
	6
	3
	9
	0

	0
	1
	1

	001
	6
	0
	9
	3
	1
	1
	0
	0

	010
	3
	9
	6
	0
	1
	1
	0
	0

	011
	4
	10
	7
	1
	0
	0
	0
	0

	100
	2
	8
	5
	11
	0
	0
	0
	0

	101
	8
	2
	11
	5
	1
	1
	1
	1

	110
	10
	4
	1
	7
	1
	1
	1
	1

	111
	9
	3
	0
	6
	0
	0
	1
	1


3 OCC/CS configuration for non-adaptive retransmission

In [10-14], it was explained that enhancement for non-adaptive PHICH-triggered retransmission is needed especially for an initial transmission of rank=3. For example, when DM RS configuration #1 in Table 1 is assigned to a UE, the UE transmits the 1st codeword with CS=6 and OCC=1, and the 2nd codeword with CS={0 9} and OCC={1 0}. If the eNB fails to decode only the 2nd codeword, reusing the OCC/CS values for the 2nd codeword from the initial transmission provides low orthogonality between the two layers and prevents the UE to be paired with another one with unequal bandwidth allocation.
An effective solution was proposed in [10-14]. If the eNB fails to decode the 2nd codeword, the UE reuses the OCC/CS values for the first two layers in the initial transmission (i.e. CS={6 0} and OCC={1 1}), i.e. the OCC/CS for two layers associated with the CS index in the original UL grant, as illustrated in Fig. 1.
It is proposed that:
· When the number of transport blocks in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant, the cyclic shift and OCC used for the DM RS in the retransmission is indicated by the Cyclic Shift Field in the uplink-related DCI format in the grant associated with the latest transmission
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Fig. 1 OCC/CS configuration for non-adaptive retransmission with OCC mapping scheme with nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3
4 Conclusion

This contribution discusses the remaining issues for DM RS. It is proposed, based on the analysis, that

· OCC for layer k is derived from the Cyclic Shift Field in the uplink-related DCI format considering both SU-MIMO and MU-MIMO
· For 4 of the CS Field values: nOCC,k= nOCC,0 for k=1 and nOCC,k=1-nOCC,0 for k=2,3

· For the other 4 CS Field values: nOCC,k= nOCC,0 for k=1,2,3
· The proposed OCC/CS mapping for DM RS configuration is given in Table 1, where “0” denotes OCC [+1 +1] and “1” denotes OCC [+1 -1]. This mapping is used for initial transmissions and for retransmissions triggered by an UL grant.
	Cyclic Shift Field in Uplink-related DCI format 
	CS
	OCC

	
	Layer0
	Layer1
	Layer2
	Layer3
	Layer0
	Layer1
	Layer2
	Layer3

	000
	0
	6
	3
	9
	0

	0
	1
	1

	001
	6
	0
	9
	3
	1
	1
	0
	0

	010
	3
	9
	6
	0
	1
	1
	0
	0

	011
	4
	10
	7
	1
	0
	0
	0
	0

	100
	2
	8
	5
	11
	0
	0
	0
	0

	101
	8
	2
	11
	5
	1
	1
	1
	1

	110
	10
	4
	1
	7
	1
	1
	1
	1

	111
	9
	3
	0
	6
	0
	0
	1
	1


In addition, it is proposed that:
· When the number of transport blocks in the PHICH-triggered retransmission is less than in the latest transmission with an associated grant, the CS and OCC of the layers of the DM RS in the retransmission is indicated by the Cyclic Shift Field in the DCI format in the grant associated with the latest transmission
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Appendix: Application of proposed OCC/CS mapping for MU-MIMO scenarios

In this section, we adopt a graphical way to describe DM RS configurations. DM RS configurations in Rel-8 are shown in Fig. 2, and the proposed DM RS configurations in Table 1 are shown in Fig. 3.
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Fig. 2 A graphical sketch for DM RS configurations in Rel-8
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Fig. 3 A graphical sketch for the proposed DM RS configurations in Table 1
In the following description, some typical scenarios are investigated, and several implementation schemes of the DM RS configurations in Table 1 for the scenarios are given. Note that all following options can support either equal or unequal bandwidth allocation when SGH issue is solved.
A1.
Scenarios for pairing Rel-8 and Rel-10 UEs

Scenario 1: 2 Rel-8 UEs, 1 Rel-10 UE/2 layers
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Fig. 4 Application of the proposed DM RS configurations for Scenario 1
A2.
Scenarios for pairing Rel-10 UEs

Scenario 2: maximum 4 Rel-10 UEs
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Fig. 5 Application of the proposed DM RS configurations for Scenario 2

Scenario 3: 2 Rel-10 UEs/2 layers
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Fig. 6 Application of proposed DM RS configurations for Scenario 3

Scenario 4: 2 Rel-10 UEs/4 layers
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Fig. 7 Application of proposed DM RS configurations for Scenario 4




















































































































































































































































































































































































































































































































































� “0” denotes OCC [+1 +1] and “1” denotes OCC [+1 -1]


� “0” denotes OCC [+1 +1] and “1” denotes OCC [+1 -1]





